We have examined rat basal forebrain projections to the mediodorsal thalamic nucleus (MD) by making injections of retrogradely transported fluorescent tracers into the MD. Additionally, in some animals, we also stained sections for glutamate decarboxylase (GAD) by the indirect fluorescent antibody technique.
several histochemical studies support the concept that part of the olfactory tubercle consists of a ventral extension of the globus pallidus (Switzer and Hill, 1979; Haber and Nauta, 1981, 1983; Haber et al., 1982; Switzer et al., 1982; Zaborsky et al., 1982) . In an attempt to investigate this hypothesis further, we have injected retrograde fluorescent tracers into the MD and have examined the distribution of MD-projecting neurons relative to simultaneous immunostaining for L-glutamate-l-decarboxylase (GAD; EC 4.1.1.15) (McLaughlin et al., 1974; Oertel et al., 1981 Oertel et al., , 1982 Wu et al., 1982) . GAD is the yaminobutyric acid (GABA)-synthesizing enzyme and is found in high concentrations in the dorsal and ventral pallidum (Fonnum et al., 1978; Walaas and Fonnum, 1979; Perez de la Mora et al., 1981; Zaborsky et al., 1982; Fallon et al., 1983) . GABA is thought to be a transmitter for both pallidal efferents and afferents, and in preliminary experiments we observed that the ventral pallidum is characterized by a dense plexus of GAD terminal staining. GAD terminal staining in the MD also corresponded to the pattern of terminal degeneration seen after superficial olfactory tubercle lesions. Therefore, double labeling of MD-projecting neurons was also attempted in colchicine-treated rats.
Fluorescent tracers. Granular blue (GB) and fast blue (FB) (Dr. Illing, KG. Gross-Umstadt, West Germany) were injected as a 5 to 10% suspension in 2% dimethylsulfoxide (DMSO).
GB was injected into the MD of five rats, and FB was used for 28 MD injections and eight control injections. Survival times after FB and GB injections ranged between 1 and 2 weeks.
We also attempted retrograde labeling with disodium SITS (4-acetamino, 4-isocyanostilbene-2,2'-disulfonic acid) . However, in preliminary experiments we determined that this commercially available product (Chemical Dynamics, South Plainfield, NJ) did not transport in distilled water (with or without DMSO).
The structure of this yellow compound was identified as disodium SITS by neutral xenon beam mass spectroscopy.
Dr. Swanson kindly supplied some red "SITS" (R-SITS) which did transport, but we were unable to elucidate its structure. R-SITS (5% in 2% DMSO) was injected into eight rats. Four rats received MD placements, and the remaining four rats received control placements. Rats injected with R-SITS were sacrificed 2 to 4 weeks after surgery.
Finally, two of the rats with FB injections into the MD received pressure injections of 300 nl of Nuclear yellow (NY, 1% in distilled water; courtesy of Prof. 0. Dann) into the ipsilateral olfactory bulb 6 days after the FB injections and 20 to 24 hr prior to sacrifice.
Surgery. Stereotaxic surgery was performed using Chloropent (3.3 ml/kg; Fort Dodge Laboratories, Fort Dodge, IA) for general anesthesia. In 46 rats, 25 to 60 nl of tracer were pressure injected over 10 min using a l-p1 Hamilton syringe with a glass micropipette cemented to the tip. In the remaining seven rats, tracers were deposited by micropipette implants to avoid tracer deposits in the pipette track (Alheid and Carlsen, 1982) .
All MD placements used the following coordinates: 2.2 mm behind bregma, 0.5 mm lateral to the superior sagittal sinus, and 5.2 mm below dura, with the tooth and ear bars at the same height. For 11 FB and two R-SITS injections, the MD was injected from the opposite side at a 26" angle above the horizontal.
The pipette track passed through the lateral portions of the contralateral hippocampus and stria medullaris, as well as the contralateral MD and paraventricular nucleus. Pipette implants were made in the MD for five FB and two R-SITS placements.
Control injections of FB (eight animals) or R-SITS (four animals) were made in the stria medullaris-habenular complex area and medial hippocampus. These injections did not involve the MD.
To improve immunostaining of cells, 14 rats with MD injections also received a total of 50 or 100 pg of colchitine intraventricularly in 25 ~1 of 0.1 M phosphatebuffered saline (PBS), pH 7.4, ipsilaterally, contralaterally, or bilaterally, 48 hr prior to sacrifice.
Immunohistochemistry and cytochemistry. Sections for immunohistofluorescence were placed in 1% polyvinyl pyrolidone and 40% ethylene glycol in 0.1 M potassium acetate, pH 6.5, until processed. They were then washed in 0.1 M PBS and placed in PBS containing 0.05% sodium azide, 0.25% carrageenan (type IV, Sigma Chemical Co., St. Louis, MO), 0.3% Triton X-100, and a 1:2000 dilution of antisera against GAD (courtesy of Drs. D. E. Schmechel and W. H. Oertel). These incubations were performed at 4°C overnight, and they were washed with PBS for 5 min thrice before a 45-min incubation in antiIgG antisera conjugated with fluorescein isothiocyanate (FITC) (dilution 1:lOO to 150; Miles Biochemicals, Elkhart, IN) in PBS at room temperature.
The sections were then washed three times with PBS, mounted, and coverslipped with a 0.1 M lithium carbonate-glycerol solution, pH 8.5.
As a control for specificity of immunostaining, goat serum was substituted for the primary GAD antiserum, and this resulted in loss of immunostaining.
In addition, the GAD antiserum has been previously characterized (Oertel et al., 1981 (Oertel et al., , 1982 . Some sections were counterstained for 1 min with 2.5 x 10e7 M ethidium bromide (Sigma Chemical Co.) before the last wash . This provided a convenient counterstain which appeared orange on FITC fluorescence (Fig. 6 ) or red with a 546/590 nm exciter/barrier filter set. The sections were viewed on a Zeiss epifluorescent microscope with exciter/barrier filter set 365/418 nm for GB, FB, R-SITS, and NY and with filter set 450-490/520 nm for FITC.
Counterstaining for AChE was performed in rat 83076. Fifteen-micrometer sections were thaw-mounted onto pig-gelled slides. Photographs were taken of tracer-positive (TP) cells, and then the sections were processed by the method of Hardy et al. (1976) for AChE. Pictures of these stained sections were then examined for doublelabeled cells.
Results

Technical considerations.
The fluorescent tracer injections were generally located in the central and medial portions of the MD. These areas were targeted because lesioning of the olfactory tubercle results in terminal degeneration within the central portion of the MD (Heimer, 1972) . There was some variation in the dorsalventral placement of the tracers with occasional but minimal involvement of the habenular complex and stria medullaris.
FB and GB pressure injections covered approximately equal areas, while the micropipette implants resulted in smaller injection sites without tracer deposit along the pipette track. R-SITS seems to cause a peripheral zone of neuronal cell loss with gliosis around a small central area of necrosis (Fig. l) , whereas FB and GB cause a slightly larger area of necrosis (Fig. 2) . The halos of the R-SITS injections seem larger than those produced by FB or GB. When R-SITS was injected into the corpus callosi of two animals, no uptake and transport by commissural fibers occurred.
All three tracers deposited in the MD demonstrate identical distributions of projecting cells. FB most clearly demonstrates both cell bodies and proximal dendrites (Fig. 3) . Indeed, even the axons passing through the inferior thalamic peduncle are evident as pale "brush strokes." R-SITS appears as bright bluish-white granules within cell bodies (Fig. 4) and is rather impervious to diffusion during immunohistochemical staining, whereas the FB and GB exhibit considerable leaching. Interestingly, R-SITS-containing cells show a regional variation in sensitivity to colchicine. In the olfactory tubercle and diagonal band many fewer well defined tracer-positive somata are seen after colchicine treatment. Instead, previously unobserved fibers containing typical fluorescent granules are present in the same area. In contrast, TP cells in the neocortex and the prepiriform cortex, i.e., the primary olfactory cortex, for example, are much less or not affected. Labeling of cells by FB and GB is less affected by colchicine treatment. A characteristic feature of R-SITS is its affinity for capillary endothelial cells. However, this staining is homogeneous and easily differentiated from the granular neuronal labeling.
Immunohistochemical delineation of ventral pallidum.
The striato-pallidal projection system represents one of 3Abbreviations used in the figures are as follows: AC, anterior commissure; Act, accumbens nucleus; SST, bed nucleus of stria terminal&; C, claustrum; CC, corpus callosum; DMSO, dimethylsulfoxide; End, endopyriform nucleus; EtB, ethidium bromide; FB, fast blue; FZZ'C, fluorescein isothiocyanate; GABA, y-aminobutyric acid; GAD, glutamate decarboxylase; GB, granular blue; ZC, island of Calleja; IL, intralaminar nucleus; LH, lateral habenula; LOT, lateral olfactory tract; MD, mediodorsal thalamic nucleus; MDL, mediodorsal thalamic nucleus, lateral part; MH, medial habenula; NHDB, diagonal band nucleus, horizontal limb; NVDB, diagonal band nucleus, vertical limb; NY, nuclear yellow; OT, olfactory tubercle; POC, primary olfactory nucleus; PVN, paraventricular nucleus; R, rhomboid nucleus; R-SITS, retrograde tracer, unknown structure; S, striatum; SM, stria medullaris; TP, tracer-positive; VP, ventral pallidurn; VS, ventral striatum. the best known GABAergic pathways in the brain (Fonnum et al., 1974 (Fonnum et al., , 1978 Nagy et al., 1978) , and it is estimated that about 90% of the terminals on the dendrites and somata of typical pallidal cells contain GAD (Ribak et al., 1979; Ribak, 1981) . This, and the fact that globus pallidus cells also contain GAD, is consistent with the intense immunoreactivity of the pallidum in sections stained for GAD. The intense GAD-staining puncta in the globus pallidus provide an easily recognizable pattern which can be readily distinguished from the less intense staining in nearby striatal areas. Some of the most characteristic pallidal features in immunohistochemically stained sections for GAD are large transversely or longitudinally cut profiles lined by GAD-like immunoreactivity.
There can be little doubt that such profiles represent dendrites of typical pallidal neurons covered by GAD-positive terminals (Ribak et al., 1979; Ribak 1981) . Studies in our laboratory indicate a close correspondence between substance P, enkephalin, and GAD-like immunoreactivity in the pallidal areas (Zaborszky et al., 1982; L. Zaborszky, personal communication) , and in the present paper we have used GAD as an effective marker for the ventral pallidum.
The distribution of GAD immunoreactivity in the olfactory tubercle and adjacent areas is briefly described here in order to define the ventral pallidum and its relationship to MD-projecting cells (Figs. 5 and 6) . Heavy nations of the pyramidal cell layer. Slightly more cau-GAD staining first appears at the rostra1 tip of the dally, this dense staining is located more. dorsally in olfactory tubercle as collections of immunoreactive proc-patches in the polymorph layer also with "fingers" exesses in the polymorph layer projecting into the invagi-tending into the pyramidal cell invaginations and into the the hiluses of the islands of Calleja. Some islands of Calleja are heavily capped by the GAD processes (Fig. 6 ). This ventral pallidal staining ends abruptly at the border of the primary olfactory cortex (POC). Caudally, the dense GAD patches are frequently interconnected by overlapping cell processes or coalesce to form a band across the width of the tubercle and extend medially up to the insula Calleja magna. When the vertical limb of the diagonal band appears, the ventral pallidal GAD staining forms layers adjacent to the diagonal band's lateral aspect and fades dorsally at about the level of the anterior commissure. This moderate level of GAD immunofluorescence is slightly greater than in the caudate-putamen and nucleus accumbens, but a relatively sharp border is identifiable between the ventral pallidum and the less intensely stained ventral striatal areas. The band of ventral pallidal GAD immunofluorescence widens caudally and becomes slightly less intense as it extends underneath the temporal limb of the anterior commissure (Fig. 5G) . Still more caudally, the ventral pallidal GAD staining is continuous with the main portion of the globus pallidus. At this level, the ventral portion of the tubercle still has GAD staining in the polymorph layer, but it is less intense. There is an Vol. 4, No. 6, June 1984 obvious drop-off in intensity where the horizontal limb of the diagonal band intervenes from the medial side. This delineation of the ventral pallidum coincides essentially with the recent description by Switzer et al. (1982) and Haber and Nauta (1983) .
Retrograde tracer experiments. We studied the distribution of labeled cells in the forebrain using the GADstaining pallidal system as a point of reference. The results of this study are exemplified by two experiments, rats 83035 and 83076. The pressure injection of R-SITS in 83035 included most of the MD with more prominent medial involvement (Fig. l) , whereas the FB injection site of 83076, in which the tracer was implanted by the angular approach from the opposite side, was considerably smaller and confined to the centromedial portion of the MD (Fig. 2) . Although the number of labeled cells is much higher in 83035, which is presented first, the distribution patterns are remarkably similar for the two experiments and are in good agreement with our other MD injections.
Most rostrally, medium-sized TP cells are seen in the frontal pole of the cortex in layers IV to VI. Moving caudally, the anterior extension of the corpus callosum separates these cells into a more dorsomedial group and a ventrolateral group corresponding to the lateral orbital cortex (Krettek and Price, 1977a, b) (Fig. 5, A and B) . Further caudally, where the claustrum appears, the dorsomedial TP cells appear in the deep layers of the cingulate cortex and extend caudally to the mid-thalamic level. The ventrolateral group largely caps the claustrum superficially in the ventral and posterior agranular insular cortex (Krettek and Price, 1977a, b) (Fig. 5 , C to H), and a few TP cells underlie the structure. This group also fades at the mid-thalamic level, but scattered cells persist further caudally. Contralateral TP neurons appear at apparently less than 50% of the ispilateral quantity for both the dorsomedial and ventrolateral groups. None of the contralateral or ipsilateral TP cells was GAD-positive.
An occasional GAD-negative fluorescent TP cell is seen in the ipsilateral anterior olfactory nucleus, especially in the lateral transition area (de Olmos et al., 1978) . These larger cells become more numerous in the rostra1 POC where they are scattered in the deep polymorph layer (Figs. 3 and 5, B to H). When the olfactory tubercle appears, some TP. cells in the POC seem to delineate the border, often residing alongside the strongly positive GAD fibers in the ventral pallidurn. By the level of the anterior amygdala, only a few TP cells are seen in the POC. The POC cells are not GAD-positive.
In the olfactory tubercle numerous larger TP cells are in close proximity to the smaller granular cells of the islands of Calleja (Figs. 5, B to G, and 6), either on the dorsal surface of or, less often, within the island hiluses. Other similar TP cells are located between the islands in the dense GAD fiber system or within the GAD "fingers" projecting ventrally into the tubercle. Frequent scattered TP cells are present in the deep polymorph layer of the tubercle, but always in association with strongly GAD-positive areas characteristic of the ventral pallidum; none is found in the ventral striatum or fundus of the striatum. Often it is possible to identify TP cells whose cell body and proximal dendrites are completely lined with GAD-like immunoreactivity.
However, it is difficult to differentiate between a GAD-staining or GAD-surrounded TP cell in the midst of the heaviest staining portions of the ventral pallidurn. Occasionally, an R-SITS-positive fiber in a colchicine-treated rat appears stained for GAD, and, exceptionally, this fiber can be traced to a GAD-positive cell. However, we should emphasize that the presence of cells that are both tracerand GAD-positive is difficult to determine in this area because of the dense synaptic input by GAD-containing t,erminals.
Tracer-positive cells are also located in the ventral portion of the vertical limb of the diagonal band (NVDB) (Fig. 5, D and E) . Some are also found on its edge and appear largely within extensions of the ventral pallidum as suggested by heavy GAD-positive staining. Scattered TP cells are found within the vertical limb caudally, especially in the ventral portions.
Further caudally, tracer-positive cells in the ventral pallidum are in continuity with scattered cells in the dorsal part of the globus pallidus (Fig. 5H) . Also, TP cells extend into the horizontal limb of the diagonal band (NHDB, Fig. 5H ). These cells are smaller and more rounded than those in the pallidurn. A slight gap of both decreased anti-GAD fluorescence and TP cells exists between the NHDB and the pallidal system as they diverge further caudally.
At the level of the thalamic reticular nucleus, numerous TP cells are in the lateral and dorsal hypothalamic areas and reticular thalamus (data not shown). The density of TP cells in the reticular nucleus is very high, and many of these cells counterstained for GAD.
The ipsilateral amygdala has occasional TP cells in the cortical, medial, and basolateral divisions, and, rarely, elsewhere. Contralaterally, TP cells are seen only occasionally in the ventral pallidum, POC, nuclei of the diagonal band, and lateral hvpothalamus in the above pattern. The two rats with injections of NY into the olfactory bulb and FB into the ipsilateral MD had no double-labeled cells.
The distribution of TP cells from rat 83076 is illustrated in Figure 7 . This angular FB injection spared the ipsilateral structures overlying the MD as well as the contralateral habenula and stria medullaris as witnessed by the absence of staining along the track and by the rare contralateral TP cells (data not shown). This small injection recapitulated the findings illustrated above by the rat 83035. Furthermore, the AChE counterstaining demonstrates that striatal areas do not contain TP cells.
In another rat, the injection was centered within the paraventricular nucleus (approached at a 26" angle) and minimally encroached upon the medial aspect of the MD not traversed by the tract. Ipsilateral to that MD, only a few TP cells are in the tubercle and primary olfactory and cingulate cortices, while the lateral orbital and ventral agranular insular cortical cell groups are prominently labeled. These latter cell groups may have been labeled by the MD contamination. Labeled cells are also prominent bilaterally in the lateral and medial preoptic hypothalamic areas, suprachiasmatic nuclei, dorsomedial hypothalamic nuclei (although much less in the central Figure 7 . Diagrams of coronal sections from rat 83076 illustrating distribution of TP cells in relation to striatal areas as demonstrated by AChE counterstaining. Other nonstriatal AChE-stained areas, such as NVDB, are not shaded in order to emphasize the complementarity between striatal AChE and pallidal GAD areas (Fig. 5) . Pallidal areas do not stain for AChE. The star in H indicates a TP cell which also stained for AChE. portion), arcuate nuclei, gemini nuclei, and zona incerta.
in additional TP cells in the olfactory tubercle and POC In fact, nearly the entire remaining hypothalamus con-as described above. Again, cingulate cortex TP cells are tains scattered TP cells. This injection apparently spares scarce. the terminals of the reticular thalamic input. Similar Another control FB injection was located within the injections which included the paraventricular nucleus overlying dorsal hippocampus with an extensive deposit (PVN) and also the dorsomedial portion of the MD result of tracer along the pipette track in the dorsal cingulate No TP cells are seen in the agranular insular cortex; instead, they are within the claustrum itself. An injection of FB was also placed into the overlying habenula, stria medullaris, and hippocampus. The MD was spared, but the distribution of TP cells overlaps extensively in the forebrain with that observed after MD injections. The number of TP cells is less in the olfactory tubercle and pallidal system, and more are in the medial NHDB and in the NVDB than after MD injections. An occasional TP cell is seen in the deep rhinal cortex.
Discussion
We have described the location of cells within the basal forebrain projecting to the MD. Our results agree in general with those described previously (see references cited in the introduction). However, by using a combination of immunohistochemistry and retrograde tracer techniques, we have been able to locate labeled cells precisely with respect to the ventral striatal and pallidal systems. The methods used were important in reliably defining this projection, and, therefore, a few comments concerning the methods are necessary before discussing our results.
The fluorescent retrograde tracers are more reliable and appear to be at least as sensitive as other retrograde tracing methods, including the horseradish peroxidase techniques. The injection of retrograde tracers carries the probability of contamination of adjacent structures. Several of our precautions have minimized this problem. First, we used R-SITS which may obviate the fibers-ofpassage dilemma. Obviously, more studies are needed in this area, but our limited observations of corpus callosum injections confirm the findings of that R-SITS is not taken up by fibers-of-passage. Whether certain fibers exist which can take up R-SITS and transport the compound is unknown. Second, those injections with no or trace contamination of habenula or stria medullaris were principally considered in defining basal forebrain projections. The injections made at 26" from the horizontal enabled us to avoid the overlying structures as well. Observations of other animals revealed that habenular or stria medullaris contamination did not distort the distribution very much except for the presence of a large number of TP cells within the entopeduncular nucleus. This is consistent with the findings of Herkenham and Nauta (1977) , who studied the origin of the afferent habenular concentrations following HRP injections in various parts of the habenular complex. Although they found a small number of cells in the nucleus of the diagonal band and the most dorsal part of the ventral pallidum, no cells were labeled in the olfactory tubercle or ventral pallidal regions unless stria medullaris fibers had been directly involved in the injection. Furthermore, both degeneration studies (Leonard and Scott, 1971; Heimer, 1972) and the HRP study by Herkenham and Nauta (1977) indicate that the POC does not project to the habenula. There may have been minimal PVN contamination by our MD injections since both PVN and MD injections result in TP cells in the lateral hypothalamus. However, as is the case with insular cortex TP cells after PVN injections, the lateral hypothalamic TP cells may also represent MD contamination during PVN injections. Control injections into the cingulate cortex overlying the MD do not label cells in basal forebrain areas projecting to MD. Furthermore, hippocampal injections produced only minimal overlapping distributions in the NVDB, medial NHDB, and subcommissural ventral pallidum and no TP cells in the olfactory tubercle or POC.
Ventral pallidal projections to MD. The notion that the striatum and the globus pallidus of the rat extend in a rostra1 and ventral direction toward the surface of the brain in the region of the olfactory tubercle (Heimer and Wilson, 1975; Heimer, 1978) has been well substantiated with the aid of hodological methods and various histochemical techniques (Switzer and Hill, 1979; Newman and Winans, 1980; Haber and Nauta, 1981,1983; Haber et al., 1982; Switzer et al., 1982; Zaborsky et al., 1982; Fallon et al., 1983) . Striatal markers like dopamine and AChE demonstrate convincingly that the caudate-putamen and the nucleus accumbens are continuous with ventral striatal cell territories in the olfactory tubercle via "striatal cell bridges" (Fig. 27 in Heimer, 1978) . Furthermore, pallidal markers (e.g., iron, enkephalin, GAD, and substance P) leave little doubt that the ventral striatal areas are accompanied in their entire extent by a similar rostroventral extension of the globus pallidus, which includes a large part of what has traditionally been referred to as the anterior part of the substantia innominata. The tubercle part of the ventral pallidum is characterized by a number of finger-like protrusions into the polymorph layer of the olfactory tubercle (Switzer and Hill, 1979; Switzer et al., 1982; Haber and Nauta, 1983) , and these finger-like extensions usually reach the hilus of an island of Calleja (Fallon et al., 1983 ; see also Fig. 6 ).
Preliminary studies in our laboratory (Zaborszky et al., 1982) indicate that areas of strong GAD-like immunoreactivity in the basal forebrain of the rat correspond closely to regions which have been identified as ventral pallidum on the basis of high affinity for iron (Switzer et al., 1982) or substance P and enkephalin immunoreactivity (Switzer et al., 1982; Haber and Nauta, 1983) . Therefore, GAD was used as a pallidal marker in this study and the locations of the retrogradely labeled cells, which appeared as a result of MD injections, were determined with reference to the strong GAD-like immunoreactivity. The close correspondence between TP cells and GAD-rich pallidal areas were remarkable, especially in the olfactory tubercle, where practically every MDprojecting cell was located within areas identified as ventral pallidurn. Many of the TP cells were located within the hiluses of the islands of Calleja or on their perimeters. This is in accord with the work of Fallon (1983) , who showed that medium and large cells associated with the islands project to the MD and are heavily innervated by GAD-containing axons. TP cells are also abundant in the deeper portions of the ventral pallidum, i.e., deep to the olfactory tubercle; and such cells, like the ones in the pallidal parts of the olfactory tubercle, are often heavily invested by GADpositive puncta and fibers. These cells are particularly prominent in those portions of the ventral pallidum that receive projections from the striatal parts of the olfactory tubercle (unpublished observations). The more dorsal or subcommissural part of the ventral pallidum (Fig. 5H) , which receives its striatal projection primarily from the nucleus accumbens (Wilson, 1972; Swanson and Cowan, 1976; Zaborszky et al., 1982) , contains fewer TP cells.
Our attempts to determine the transmitter of the ventral pallidal-MD projection were unsuccessful. GABA is thought to be the transmitter contained in cells projecting to the ventral thalamus from the more dorsal globus pallidus (Penney and Young, 1981; Pan et al., 1983) . GAD labeling in many TP cells was ambiguous since the great density of GAD activity about these cells prevented us from distinguishing between double-labeled and simply synaptically contacted cells. Other unpublished observations in our laboratory suggest that neither enkephalin-nor substance P-containing cells project to the MD in any appreciable degree, although neurotensin-containing cells in the POC appear to project there. Further experiments in thin sections are in progress to determine the projecting neurotransmitter(s). Fallon (1983) suggested that the MD-projecting cells in the immediate surround of the islands of Calleja contain AChE. However, in our case 83076 we were unable to confirm that any of the MD-projecting cells in the ventral pallidurn, including those in the tubercle, are cholinesterase-positive.
Clearly, more studies are needed to settle the question as to whether the MD projecting cells are cholinergic, cholinoceptive, or neither. If the situation in the ventral pallidum is analogous to that of the dorsal pallidum, one would not expect this pallidothalamic projection to be cholinergic.
The fact that the TP cells in the region of the tubercle following injection into MD are located in strongly GADpositive areas recognized as ventral pallidum strengthens the concept that the olfactory tubercle actually is an integral part of a ventral striato-pallidal system paralleling the classic striato-pallidal system (Heimer and Wilson, 1975; Heimer, 1978; Haber et al., 1982) . The latter projects, in part, to the ventral thalamic cell group (for review, see Carpenter, 1976; Graybiel and Ragsdale, 1979) , while the former projects to the thalamus as well. At this time, it is not possible to identify subdivisions within the ventral pallidum that match the divisions of the dorsal pallidal complex (i.e., the globus pallidus and the entopeduncular nucleus). However, both elements may be represented since the ventral pallidum in the rat is directly continuous with the globus pallidus (corresponding to the external segment in primates), while the thalamic projection is more characteristic of the entopeduncular nucleus.
Although the function of the ventral striato-pallidal system remains unknown at the present time, suggestions have been made that this is an area of limbic input influencing motor activity (Mogenson et al., 1980; Newman and Winans, 1980; .
The olfactory tubercle as an integral part of the corpus striatum. The nature of the olfactory tubercle has long been a matter of debate, and the subject has been reviewed recently by several investigators including one of the present authors (Pigache, 1970; Stephan, 1975; Heimer, 1978) . The apparent lamination of the superficial cells of the olfactory tubercle and the fact that olfactory bulb projection fibers reach most of the tubercle, at least in macrosmatic mammals, have no doubt contributed to the rather widespread tendency to include the tubercle as part of the olfactory cortex. However, the recent descriptions of the ventral striatum and ventral pallidum (Switzer et al., 1982; Haber and Nauta, 1983; Fallon et al., 1983) have emphasized the need for a re-evaluation of the nature of the rat olfactory tubercle, and the results obtained in this study only underscore the distinction between the primary olfactory cortex (prepiriform cortex) and the olfactory tubercle.
Although it is true that the superficial appearance of the olfactory tubercle is reminiscent of a cortical structure, especially in macrosmatic mammals, it is also true that the degree of lamination varies between different species, or even from one region of the tubercle to another in the same species. It is also evident that the olfactory bulb projects to the superficial layer of the entire olfactory tubercle in commonly used macrosmatic laboratory animals such as rat, rabbit, and hamster (Heimer, 1968; Price, 1973; Davis et al., 1978) . However, when comparing the amount of direct olfactory bulb input to the tubercle and the primary olfactory cortex, the difference between the two regions is striking, in that the olfactory tubercle receives a much smaller input than the POC. But it is above all the large number of qualitative anatomical and histochemical differences that distinguishes the tubercle from the primary olfactory cortex.
First, the primary olfactory cortex in the rat is characterized by a massive centrifugal projection system to the olfactory bulb (e.g., de Olmos et al., 1978; Haberly and Price, 1978) . No comparable centrifugal pathway to the bulb takes its origin in the olfactory tubercle, even if some cells deep to the tubercle are labeled following HRP injections in the olfactory bulb. However, those cells probably represent a rostra1 extension of the nucleus of the horizontal limb of the diagonal band (de Olmos et al., 1978) .
Second, although the primary olfactory cortex sends a significant projection to the olfactory tubercle (Haberly and Price, 1978; Luskin and Price, 1983) , there is no reciprocal associative projection from the tubercle to the olfactory cortex as would be expected if the olfactory tubercle were an integral part of the olfactory cortex. The absence of a reciprocal projection from the tubercle to the olfactory cortex speaks in favor of including the olfactory tubercle in the concept of the ventral striatopallidal system, in which case the olfactory cortex projection to the tubercle would represent a cortico-striatal projection (Fig. 8) .
Third, in addition to the input from the olfactory bulb Vol. and the primary olfactory cortex, the olfactory tubercle receives a significant dopaminergic input from the midbrain (Fuxe, 1965; Ungerstedt, 1971; Hedreen and Chalmers, 1972 ) and another input from intralaminar thalamic nuclei (Haberly and Price, 1978; Newman and Winans, 1980) . This triad of cortical, midbrain dopaminergic, and intralaminar thalamic afferents, which characterizes the striatum in general, was originally used as an argument for including the medium-sized cell territories of the tubercle in the concept of the ventral striaturn (Heimer and Wilson, 1975) . Admittedly, the fact that the olfactory tubercle receives a direct input from the olfactory bulb would seem to indicate that part of the ventral striatum is under direct influence of the olfactory system, which would be exceptional. But the olfactory system is, after all, a maverick in more than one sense. For instance, it is the only sensory system that reaches the cerebral cortex without a relay in the thalamus. Furthermore, it is not unreasonable to expect some significant differences in connectivity between different parts of the striato-pallidal system. Indeed, striking differences have already been discovered in regard to the amygdalo-striatal projections which reach most of the striatum except the anterior dorsolateral quadrant (Kelley et al., 1982) .
Fourth, although basal forebrain projections to the MD originate both in the tubercle and the POC, the results obtained in this study clearly indicate that the two projection systems are very different in nature in spite of the fact that they both terminate in the central, "olfactory''-related part of the MD. The MD-projecting cells within the olfactory tubercle have been recognized as the origin for a pallido-thalamic projection (Fig. 8) primarily because its cells of origin are almost completely located within areas that we and others (Switzer et al., 1982; Haber and Nauta, 1983) have identified as ventral pallidum on the basis of cytoarchitectural and histochemical characteristics. The MD-projecting cells in the primary olfactory cortex, on the other hand, must certainly be considered to represent a cortico-thalamic projection system. The messages that these two "olfactory"-related systems are transmitting to the MD are likely to be of different nature, if for no other reason that the MD-projecting cells in the ventral pallidum receive a pattern of afferent connections that is very different from the input to the MD-projecting cells in the primary olfactory cortex. These fundamental anatomical differences are likely to be of great significance in whatever physiological and behavioral mechanism the two "olfactory"-related MD projections are involved.
Last, the neurochemistry of the olfactory tubercle is reminiscent of that in the rest of the striatum (Krieger, 1981) , and recent histochemical studies (Switzer et al., 1982; Fallon et al., 1983; Haber and Nauta, 1983) clearly demonstrate that not only the striatum but also the globus pallidus extend into and form part of the olfactory tubercle as traditionally defined. If, in addition, the islands of Calleja and their proposed relation to an endocrine-related striato-pallidal system are taken into consideration Fallon, 1983; Fallon, et al., 1983) , it would seem that little is gained by continuing to perceive of the olfactory tubercle as part of the primary olfactory cortex, or even as a modified type of olfactory cortex. Whatever the functions of the olfactory tubercle may be, it seems reasonable to suggest that the tubercle is performing those functions by a neuronal machinery that is very much striato-pallidal in character. As already indicated, however, the most ventral part of the striato-pallidal system, i.e., that part which is most closely identified with the olfactory tubercle, does have several unique features which set it apart from the rest of the corpus striatum.
Note added in proof. While this paper was in press, Payne et al. (1983) published a paper in which they reported that "R-SITS" identical to that used in the present study contained two active contaminants. The first is retrogradely transported, the second is a neurotoxin; neither is the stilbene derivative "SITS."
